The eigen frequencies of radial pulsations of neutron stars are calculated in a strong magnetic field. At low densities we use the magnetic BPS equation of state(EOS) similar to that obtained by Lai and Shapiro while at high densities the EOS obtained from the relativistic nuclear mean field theory is taken and extended to include strong magnetic field. It is found that magnetised neutron stars support higher maximum mass where as the effect of magnetic field on radial stability for observed neutron star masses is minimal. *
It is well known that intense magnetic fields(B∼10

12−13
G) exist on the surface of many neutron stars.Objects with even higher magnetic fields have been surmised and detected recently.Recent observational studies and several independent arguments link the class of soft γ-ray repeaters and perhaps certain anomalous X-ray pulsars with neutron stars having ultra strong magnetic fields, the so called magnetars. Kuoveliotou et al(1998) found a soft γ-ray repeater SGR 1806-20 with a period of 7.47 seconds and a spin down rate of 2.6×10 G for the field inside a neutron star (Lai and Shapiro 1991) . However it has also been claimed that this cannot be taken as the last word on the subject, since at the super high density inside the star core,general relativistic corrections to the virial theorem could increase the upper limit on the maximum allowed magnetic fields substantially (Hong 1998 Observations of quasi-periodic pulses of pulsars have also been associated with oscillations of underlying neutron stars (Chandrasekhar 1964 a, b, Cutler et al 1990 .
The EOS is central to the calculation of most neutron star properties as it determines the mass range, the red shift as well as mass-radius relationship for these stars. Since neutron stars span a very wide range of densities, no one EOS is adequate to describe the properties of neutron stars. In the low density regions from the neutron drip density (∼4×10
11
) and upto ρ n ≃3.0×10 14 gm/cc the density at which the nuclie just begin to dissolve and merge together, the nuclear matter EOS is adequately described by the BPS model (Bayam, Pethick and Sutherland, 1971) which is based on the semi-empirical nuclear mass formula. We adopt this BPS EOS and its magnetised version as given by Lai and Shapiro(1991) in this density range. In the high density range above the neutron drip densityρ n , the physical properties of matter are still uncertain. Many models for the description of nuclear matter at such high densities have been proposed over the years. One of the most studied models is the relativistic nuclear mean field theory, in which the strong interactions among various particles involved are mediated by a scalar field σ, an isoscalar-vector field ω and an isovector-vector field ρ. Along with scalar self-intercation terms it can reproduce the values of experimentally known quantities revelant to nuclear matter, viz. the binding energy per nucleon, the nuclear density at saturation, the asymmetry energy,the effective mass and the bulk modulus and provides a good description 0f nuclear matter for densities upto a few times the saturation density ρ c .
In our study, we have used this nuclear mean field theory and its modification in the presence of a magnetic field.
In section 2 a brief discussion of the EOS is given at zero temperature.In section 3 we present the formalism for pulsations of the neutron star models computed here as a result of integration of the relativistic equations. Section 4 deals with results and discussions.
The Equation of State (EOS) for Nuclear Matter
We shall describe nuclear matter at high densities by the relativistic nuclear mean field model, including the ρ-contribution, as extended to include strong interactions. For densities less than the neutron drip density we adopt the BPS model in the presence of magnetic field as developed by Lai and Shapiro.
The Nuclear Mean Field EOS at High Densities
We consider the charge neutral nuclear matter consisting of neutrons, protons and electrons in β-equilibrium in the presence of a magnetic field and at zero temperature (T = 0). The expression for the various quantities like, number density, the scalar number density and energy-pressure etc in the [B = 0] case are well known. In the presence of magnetic field these expressions for charged particles are modified in a straight forward way, viz
(2 − δ ν0 ) dp z
in the integrals appearing in the expressions for the various quantities listed above. The total pressure P and the mass energy density (ρ) of the system are given by P = i=p,n,e
In the above
n p = n e (23)
< ω 0 >= n B (25)
for i=n,p
For a given value of µ e and B we can find self consistently the values of m * p , µ * p , µ * n and so the pressure and mass energy can be computed. This helps us to compute the equation of state in the mean field approximation as a function of µ e or n B .
The Magnetic BPS model
The total pressure of the hadron matter below the neutron drip is given by
where ε L is the bcc coulomb lattice energy and P e the pressure of the electrons in the presence of the magnetic field is given by
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Consider matter condensing into a perfect crystal lattice with a single nuclear species(A,Z) at the lattice sites.The energy density
where W N is the mass-energy of the nucleus(including the rest mass of nucleons and Z electrons) ε ′ e is the free electron energy including the rest mass of electrons.Following Lai and Shapiro we use for W N , the experimental values for laboratory nuclei as tabulated by Wapastra and Bos(1976,1977) . The elements taken in this paper are given below in the table along with their mass energy W N (A, Z). At a given pressure P,the equilibrium values of A and Z are determined by minimising the Gibbs free energy per nucleon,
The neutron drip point is determined by the condition
Knowing A and Z the energy can be determined from Eq.(32)
Radial Pulsations of a Non-Rotating Neutron Star
The equations governing infinitesimal radial pulsations of a nonrotating star in general relativity were given by Chandrasekhar(1964) .
The structure of the star in hydrostatic equilibrium is described by the Tolman-Openheimer-Volkoff equations dp dr
Given an equation of state p(ρ),equations (35)- (37) can be integrated numerically for a given central density to obtain the radius R and gravitational mass M = M(R) of the star. The metric used is given by
If ∆r is the radial displacement
and the time dependence of the harmonic oscillations is written as exp(iσt),one gets the equation governing radial adiabatic oscillations (Chandrasekhar 1964 ,Datta etal 1998 
where
p + ρc 2 [ 4 r dp dr
In the above equations Γ is the adiabatic index given by Γ = p + ρc 2 c 2 p dp dρ
The boundary conditions to solve equation (41) are
The expression for δp as given by Chandrasekhar(1964) is δp(r) = − dp dr 
Results and Discussions
To study the structure and radial oscillations of neutron stars in the presence of a strong magnetic field we have employed the BPS model with its generalization in a magnetic field given by Lai and Shapiro(1991) below the neutron drip and the RMF theory above it. We have used the values of various couplings fixed by Ellis et al(1991) which provide the known values of various nuclear matter parameters : One more quantity that is required is Γ which is then calculated directly from the EOS for all densities by using a quadratic difference formula for the derivative dp d(ρc 2 ) . Along with the M-R relationship, one also obtains the gravita-tional red shift
which can in principle be observed experimentally.
The procedure to obtain the eigen frequencies is simple. We guess a value for σ and integrate the equation outword from the centre upto the surface. The guessed value of σ is varied till the boundary condition δp(r) = 0 at r = R is satisfied.
In figure 1 . we plot mass in solar mass unit vs radius in Kms.
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